This article investigates to what extent education is rewarded on the labour market because of the cognitive skills it indicates, using IALS data for the US, the UK, Germany and the Netherlands. By empirically distinguishing between general cognitive ability and work-specific cognitive ability, the article shows that the cognitive component of schooling is larger than anticipated by Bowles and Gintis. Instead of around 20 percent of the education effect being cognitive, the results indicate that between 32 and 63 percent of the education effect is cognitive, depending on the country and operationalization of cognitive skills. Moreover, it was shown that the relative importance of general vs work-specific cognitive abilities varies systematically between countries, with a larger fraction of the schooling effect being captured by the work-specific component in Germany and the Netherlands than in the US and the UK. This is explained by the different role of schooling between countries. Importantly, controlling for allocative processes related to the industry, organization and occupation of employment was particularly relevant in Germany, which supports the notion that this country is most credentialized.
Introduction
Schooling is an important determinant of labour market opportunities in many countries. The reason why education is so influential is, however, far from clear. Several mechanisms have been proposed to explain why people of higher levels of schooling have better labour market opportunities than people with lower levels of schooling. On the one extreme, human capital theory assumes that education provides individuals with productive skills, and employers are willing to reward productivity (Becker, 1962 (Becker, , 1976 . On the other extreme, there are theories arguing that there is no productivity argument involved; education is just used as a legitimized means for social closure and exclusion (Collins, 1979) . In between there are several theories proposing that education may not provide ready-to-use skills but indicates potential productivity or trainability on which applicants are screened (Arrow, 1973; Spence, 1973; Thurow, 1975) .
Disputing the single-sided emphasis on productive skills of human capital theory, Gintis (2000, 2002; Bowles et al., 2001) propose the alternative view that education gives an indication of whether potential employees match the employer's incentive-enhancing preferences; traits that 'assist in the exercise of the employer's authority' (Bowles and Gintis, 2000: 125) . Examples of such traits are an inclination to truth telling, an orientation towards the future and identification with the organization's goals rather than with those of co-workers. Given that less than 20 percent of the schooling effect on earnings is cognitive, according to Bowles and Gintis, such incentive-enhancing preferences could potentially explain much of the remainder of the education effect. This conclusion on the size of the non-cognitive component of schooling stems from the comparison of two regression models predicting wages applied to a large number of empirical studies on the US: one with and one without a control for cognitive ability, with both including years of education. Because, on average, less than 20 percent of the education effect is reduced by including cognitive ability, the authors conclude that the remainder of the education effect is non-cognitive.
Although we are generally sympathetic to the claim that non-cognitive skills may play an important role for labour market outcomes, we maintain that it is essential to improve on the understanding of the role of cognitive skills first. Therefore, in this article we want to extend the explanation of the education effect by means of cognitive skills in two ways. First, although Bowles et al. (2001 Bowles et al. ( : 1157 conclude that 'it would be surprising if a general test of cognitive functioning were to alter significantly the conclusions of our survey', we argue that insufficient attention has been paid to a broader measurement of productivity-enhancing skills. Particularly because the human capital model assumes that skills learnt at school are complemented by skills acquired on the job, we should pay due attention to those cognitive qualities that are developed and mobilized at the workplace before we conclude that this approach has limited explanatory power. We therefore disagree with the idea that productivity-enhancing skills posited by human capital theory can adequately be measured by general cognitive ability alone.
Second, the works of Bowles and Gintis, as well as most of the studies they cite, pertain to data from the US, whereas we compare different countries. It is plausible that education functions in different ways in different countries (Carbonaro, 2006; Shavit and Müller, 1998) , so the size and the form of the productive skills component of schooling may also vary across economically advanced countries. Educational achievement is less well linearly measured in many European countries than in the US. Whereas the unidimensional US system grants a reasonable measurement of educational achievement by years of education, many European countries have systems where a variety of numbers of years of schooling could lead to the same final level of schooling, and where a similar number of years of schooling could indicate strongly varying levels of educational attainment (Breen and Jonsson, 2000; Shavit and Müller, 1998) . We argue, and our findings indicate, that human capital-type skills cannot be measured equally well on a linear scale in different countries, just as earlier research demonstrated with regard to educational attainment. More specifically, a simple general cognitive skills measure may take away more of the education effect in countries with a uni-dimensional educational system than in countries with a more differentiated educational structure.
In this article we elaborate on these two issues by expanding on the list of skills that we take into account, and by expanding the analysis to four countries that vary strongly in the kinds of skills that the educational system provides: the US, Britain, Germany and the Netherlands. This way we intend to answer the questions to what extent the effect of education is due to (a broad set of) productivity-enhancing skills related to schooling, and whether this differs across countries. We use data from the International Adult Literacy Survey (IALS) gathered in 1994.
1 This dataset has detailed cognitive tests, as well as measures on the cognitive skills used in the present occupation. Our main findings are that (1) general cognitive skills explain a larger part of the education effect than shown by Bowles and Gintis (2002) in all countries; (2) work-specific cognitive skills explain an additional fraction of the effect of schooling; and (3) general cognitive skills are a relatively important explanation for the education effect in the US and the UK, whereas work-related cognitive skills are relatively important in Germany and the Netherlands.
The claim that cognitive skills, once properly measured, explain more than is usually found has been made before (Green, 2001; Kerckhoff et al., 2001; Denny et al., 2004) . Furthermore, we have found in the economic literature a few articles, often based on the IALS data, addressing the issue of cross-country variations in returns to education and to cognitive skills (Denny and Harmon, 2001; Denny et al., 2004; Leuven et al., 2004 ). However, unlike previous studies we focus on the extent to which different educational systems lead to differential contributions of general and work-specific cognitive skills to the explanation of the schooling effect. We show that educational systems differ in the extent to which they sort individuals on different types of cognitive skills, which in turn affects the level and shape of income returns to schooling in each country. The distinction between general and work-specific skills not only shows that cognitive skills are more important than earlier supposed, but also that their role varies across countries in line with what one would expect on the basis of the educational systems.
Theoretical background

Neoclassical economic theories and their sociological allies
The neoclassical model of the labour market is related to sociological approaches that have been labelled functionalist theory, technocratic theory, modernization theory, meritocratic theory and the liberal theory of industrialism. Both the neoclassical model and these sociological allies share the basic assumption that education indicates productivity relevant for labour market performance.
In the neoclassical model two variants exist. The first one, human capital theory, stresses that individuals acquire productive skills in school so that people invest in schooling in order to become more productive and get rewarded for it (Becker, 1976) . The second variant sees education more as a positional good that indicates productivity in an indirect way. Some scholars from this perspective argue that although education does not generate ready-to-use skills, it makes people more easily trainable at the workplace, thereby reducing training costs (Thurow, 1975) . Others argue that education is related to cognitive quality because education sorts on variations in intelligence prevalent before school enrolment. In other words, education is an easily observable attribute that is correlated to pre-existing variation in cognitive qualities, thereby enhancing education as a screening device that signals cognitive skills (Arrow, 1973; Spence, 1973) . Although there are different views on the causality between education and productivityenhancing skills, an essential aspect of all these approaches to education is that cognitive skills are the main reason why education is rewarded on the labour market.
The sociological allies, all from a functionalist stance, similarly assume that education indicates productivity through the cognitive skills associated with it. The basic argument of the functionalist approaches is that the increased complexity of the labour market requests that selection and allocation is based on educational attainment. This should have led to an increased impact of schooling on labour market outcomes because of the 'differential functional importance' of social positions and 'differential scarcity of personnel' for filling up those positions (Blau and Duncan, 1967; Davis and Moore, 1945: 243-4; Treiman, 1970) . Thus, the interpretation of this perspective for an increased relevance of schooling for occupational attainment is grounded in the increased complexity of jobs, requiring high-level cognitive skills associated to schooling.
Critiques of the productive skills model of schooling
The explanation for the relevance of schooling of the functionalist and neoclassical models has met with a lot of opposition. The criticisms, which originate from various angles, mostly come down to the fact that this view about the role of schooling does not do justice to allocative mechanisms on the labour market. The fact that highly educated individuals are often allocated to high-earning jobs is, according to these criticisms, not (only) caused by the differential marginal productivity of workers of different skill levels, but by various other factors as well. First, Bourdieu's cultural reproduction theory holds that highly educated individuals have mastered acquaintance with the dominant cultural codes in society, which gives them an advantage on the labour market (Bourdieu and Passeron, 1999 [1977] ). Because social background affects children's educational levels through the mechanism of class-differentiated attachment to the dominant culture, education effects may in fact reflect a reproduction of advantage in favour of people from higher social backgrounds. It should be noted that, in principle, what cultural capital comprises is arbitrary, as long as it shows affinity with the dominant culture in society. This arbitrariness puts cultural capital obviously at a long distance from an explanation the schooling effect that refers to productive skills.
A second (related) perspective that puts allocative mechanisms central to the explanation for the education effect on the labour market is credentialism theory (Brown, 1995; Collins, 1974 Collins, , 1979 . Rather than informing employers on productivity, educational qualifications (credentials) are used as a legitimized means for social exclusion and inclusion. The educational system provides formalized credentials that give access to 'political labour', which is not aimed at production but at the distribution of resources within organizations. Access to a large number of advantaged occupations is regulated through formal qualification requirements. Collins (1979) is very explicit on the nonproductive element of schooling, and rejects the 'technocratic' (human capital) model of schooling for that reason. Central to the credentialism theory is that education effects on earnings are mainly manifested through the regulated access to occupations. Thus, in analysing the impact of education on earnings, the credentialism perspective argues that we should also include the allocation to different occupations in the model.
A third domain where criticism towards the productive skills model has been forwarded is the structural stratification literature, which shares some basic assumptions with segmented labour market theory. Both structural stratification researchers and segmented labour market theorists argue that allocation to jobs is not solely explained by human capital theory. There are segments of the labour market where well-paying jobs are situated, and where returns to education are higher than elsewhere. These structural positions are held to vary between primary and secondary segments, between industries, or organizations of different size (Beck et al., 1978; Carroll and Mayer, 1986; DiPrete and Grusky, 1990; Doeringer and Piore, 1971; Kalleberg and Berg, 1994; Kalleberg and Van Buren, 1996; Stinchcombe, 1979) .
Also, Gintis (2000, 2002) deny that education is mainly indicating the kind of productive skills posited by human capital theory. According to their work, the correspondence of school-based culture and future life is the reason why education pays off on the labour market. Comparing wage equations found in the literature with education as a regressor, and education and cognitive skills as regressors in a second model, Bowles and Gintis conclude that around 82 percent of the education effect is non-cognitive. Bowles et al. (2001) estimate that cognitive functioning explains between 16 and 18 percent 2 of the wage premium associated with schooling. Hence, they claim, human capital accounts for only a small portion of returns to education and that non-cognitive skills should be given more attention. Three observations are in order. First, their residual interpretation provides weak evidence for the non-cognitive skill effects of education, because no other explanations are eliminated from consideration, for instance those based on structuralist sociological models that challenge skills-based explanations. Second, Bowles et al. (2001 Bowles et al. ( : 1140 tend to restrict the notion of human capital to general cognitive ability. Third, the meta-analysis that supports their conclusion is based on rather poor measures of general cognitive ability. A substantial fraction (two-fifths) of the cases in their meta-analysis is based, as they explicitly recognize, on a very short and simple test that captures almost exclusively IQ.
Cognitive and non-cognitive components of schooling: An elaboration
3 However, skills relevant as human capital are not restricted to IQ. It is not surprising, then, that they come to the conclusion that human capital does not matter much. If we define and measure human capital poorly, it will score poorly as a determinant of earnings.
We expand on the distinction between cognitive and non-cognitive components of schooling in three ways. First, we believe that a more elaborated notion of what counts as human capital is needed. In particular we need to distinguish between two components of cognitive skills. General cognitive ability (GCA) refers to information-processing skills that can increase the trainability and productivity of workers. These are general and abstract abilities that can be used in a wide range of domains, including the workplace. However, precisely because of their general nature, they only represent a stock of skills that potentially can be developed and converted into job-relevant skills. Measures confined to GCA do not tell us if, and to what extent, this process of 'human capital conversion' actually occurs. Individuals possess a wide array of reading, analytic, reasoning and communication skills, and they develop them to a different degree: some of these skills may be completely irrelevant for some jobs, and among the ones where they matter, some skills may matter more than others. If some workers have developed the 'wrong' skills, measures of GCA alone will score poorly. This does not mean that human capital does not matter: it simply means that there is a skill mismatch. Then, we need to assess whether these cognitive skills are really relevant in the work domain. We want to know whether individuals possess and use the cognitive skills that are supposed to be relevant for their occupational performance. Therefore, information on GCA needs to be complemented with information on work-specific cognitive ability (WCA).
We should also stress that skills that are rewarded on the labour market are not necessarily cognitive in nature, as sociologists have long advocated (Duncan et al., 1972; Jencks, 1972) . For instance, a mason may have good construction skills. Hence, our focus on general and work-specific cognitive abilities does not pay full tribute to the skills that are rewarded for reasons explained by human capital theory. Our results about the cognitive component of schooling can then be seen as a lower-bound estimate of the tenability of the neoclassical and functionalist model of education.
At the same time, a first advancement of our study is that our analysis is one of the few attempts to include a measurement for both general and work-specific cognitive skills (cf. Carbonaro, 2006 Carbonaro, , 2007 . A second advancement of our study is that we try to control as much as possible for selection processes in our empirical models, in order to be more confident about the productive skills component of schooling. Of course, this is a difficult task, as the list of potential confounders is not short. However, we believe that to do justice to the empirically grounded criticisms of human capital theory mentioned earlier, we need to control as much as possible for allocative processes that may 'interfere' with the human capital interpretation of schooling. Therefore, we control for parental background (to control for allocation on the basis of cultural capital), occupational status (to control for credentialism), firm size and industry (both to control for structural factors deviating from the human capital model). Certainly because our elaboration of the measurement of productive skills relies on survey questions asking about the usage (rather than possession) of various types of cognitive skill, it is essential to control for allocative mechanisms that could affect the likelihood that some people use more cognitive skills than others, even if they possess the same amount.
A third relevant extension is to examine cross-national variation in the cognitive and non-cognitive components of schooling. Bowles and Gintis's estimate of 82-84 percent of the education effect being non-cognitive is based on a meta-analysis of a large number of American empirical studies. It is likely that countries differ in the reasons why education pays off. In some countries, education may function more according to human capital theory with its strong emphasis on productive skills, than in other countries. Likewise, it is likely that countries differ in the extent to which education functions as a means to reward on the basis of non-cognitive qualities, for example in the form of credentialism, cultural capital, or structural location. Therefore, the value of social mechanisms explaining the education effect should be understood as conditional upon the structuralinstitutional setting in which employers and employees act.
Hypotheses
It is a well-established empirical finding that, even controlling for standard sociodemographic variables and information on occupational position, education and cognitive ability covary systematically (Farkas, 1996; OECD, 2000) . However, we expect that education also affects work-specific cognitive ability. As far as students progress in the educational system, curricular specificity increases systematically. In some countries, such as the Netherlands, educational specialization begins already in lower secondary education, in many other countries only the upper secondary level is differentiated into tracks or streams, while everywhere university education is organized in fields of study. This means that more educated people possess not only higher general cognitive skills but also specialized knowledge and cognitive skills that may be relevant for their future job tasks. For instance, a university graduate in economics has an ability to understand, analyse and use budgets, economic projections, etc. This leads to hypothesis 1: workspecific cognitive skills further explain the effect of education on earnings, in addition to general cognitive skills.
Our distinction between different sorts of productive skills (general and work-specific) is an important start for studying cross-national variations. One important aspect in which countries vary, which has a large impact on the association between schooling and work, is the educational system. In particular the extent and nature of vocational education is relevant (Shavit and Müller, 1998) . A vocationally oriented schooling system is characterized by having multiple tracks within educational levels, some of which are vocationally specific, and others more generally or academically oriented. This means that graduates from different educational qualifications do not always vary in the amount of schooling, but will do in the kinds of skills obtained. In countries with less vocationally oriented schooling (such as the US, and to a lesser extent the UK), educational qualifications are mainly indicative of the amount of general human capital school leavers have, whereas in vocationally oriented schooling systems (e.g. Germany, and to a lesser extent the Netherlands) qualifications also signal the vocational relevance of skills. Therefore, in Germany and in the Netherlands the overall amount of schooling is less strictly associated to general cognitive skills. Indeed, previous studies (OECD, 2000; Park and Kyiei, 2007) indicate that these two countries exhibit considerably smaller associations between cognitive skills and schooling than the US and the UK. Thus, we can expect that the reduction of the education effect after controlling for general cognitive ability will be stronger in the USA and the UK in comparison to Germany and the Netherlands, because both the association between amount of schooling and general cognitive ability, as well as between the latter and earnings, is stronger (hypothesis 2). On the other hand, the reduction in the education effect after controlling for work-specific cognitive skills is expected to be relatively strong in Germany and the Netherlands, because employers reward education because of the work-specific skills that are acquired in school (hypothesis 3).
4
Data, variables and statistical models
To test the magnitude of the productive skills component of schooling on the labour market in the UK, the US, Germany and the Netherlands, we make use of the International Adult Literacy Survey (IALS). IALS is a large-scale comparative survey realized under the auspices of OECD and coordinated by the Canadian statistical office that involved representative samples of civilian, non-institutionalized population aged 16-65 of 21 industrialized countries between 1994 (NCES, 1998 .
The main focus of the IALS survey is literacy, defined as 'using printed and written information to function in society, to achieve one's goals and to develop one's knowledge and potential'. Based on item-response theory, three domains of literacy were tested on respondents: prose literacy, document literacy and quantitative literacy. We combined the underlying items into one scale of literacy, which we use as our measurement of general cognitive skills.
5
Our statistical models include also three variables aimed at measuring, albeit indirectly, work-specific cognitive abilities. Respondents were asked how often they mobilized their cognitive skills at work in activities such as writing reports, reading budget tables, using foreign language texts, etc. (every day, a few times a week, once a week, less than once a week, rarely, or never).
6 Factor analysis was used to derive three scales from 13 items referring to three dimensions: linguistic skills, financial skills and skills that are technical in nature.
7
Schooling of respondents is expressed as the number of years of formal schooling completed by respondents (not counting repeated years at the same level). We prefer a linear measurement of schooling to a set of dummy variables for qualifications attained, because it allows a direct comparison of our results with those of Bowles and Gintis, and because the interpretation of results is more straightforward with one single continuous measure. With regard to parental schooling level, we apply the dominance criterion that selects the highest school degree among the mother and the father. For reasons of cross-national comparability we use an aggregated version of the ISCED with only three categories for parental education (primary or lower secondary, upper secondary and tertiary education).
Gross personal income from wages, salary, or self-employment is available in quintiles of the national income distribution. In order to control for working time, our models include a variable referring to the number of working hours per year. Gender, age, parental education and country of birth are introduced as control variables. The squared term for age is also included.
As our conclusions remain unchanged no matter if we include or exclude selfemployed and agricultural workers, we present results that include them in order to increase sample size and to rely on more robust estimates. We include only people aged 25 or older.
Given the nature of our dependent variable, it is undesirable to use ordinary least squares (OLS) regression. Interval regression, a generalization of censored normal regression, represents the best solution in this context. This statistical technique assumes that the observed discrete response variable is derived from a continuous unobserved variable. Assumptions concerning the distributional properties of the unobserved variable and error terms are very similar to assumptions of standard OLS. It should be noted that our interval regression estimator produces more consistent estimates than OLS regression using mid-points of the wage bands (Stewart, 1983) . Moreover, this technique does not require the strong assumptions of ordinal logistic regression (i.e. the proportional odds assumption). Furthermore, it is a linear technique that allows for causal decomposition of the effects of covariates, just as in OLS-based path analyses.
Results
Our starting model estimates the total effect of education, controlling for sociodemographic variables. We can see from Table 1 that in all countries education exerts a strong effect on earnings. For instance, in the US one year of education ensures a wage return of 2.42 percentiles. This means that eight years of schooling 'move up' an individual by almost one quintile in the income distribution (2.42*8 = 19.4). In accordance with other research, the wage returns to education are strongest in the US, closely followed by the UK, while they appear considerably lower in Germany and in the Netherlands (Devroye and Freeman, 2001; Harmon et al., 2003) . This is in line with the previous observation that years of education is a poorer measurement of educational attainment in stratified educational systems (such as Germany and the Netherlands) than in countries with a more hierarchical system like the USA and to a lesser extent the UK (Leuven et al., 2004) .
As for the other parameters reported in Table 1 , they refer to control variables, therefore we do not comment on them extensively. Gender has the expected negative effect on earnings, also controlling for level of education and working hours. This latter variable has a predictable positive effect. Table 1 also indicates that work income increases with age at a decreasing rate and that parental education has a relatively weak, positive impact on income, at least in the US and in the Netherlands, once we control for respondents' education. Country of birth only affects earnings in Germany. Table 2 describes the results of two subsequent models for each country. The first one adds to the previous model the average score in the IALS literacy tests, i.e. our measure of general cognitive ability. The second model includes also the three measures of workspecific cognitive abilities. Both kinds of measures are based on normalized variables.
Our relevant finding is that, if we compare the effect of education on earnings in Tables 1 and 2 , we can conclude that it is explained away to a relevant extent by our two measures of productivity-enhancing (cognitive) skills. Namely, including only our measure of general cognitive skills results in a reduction of the effect of education of 36.6 percent in the UK, of 34.4 percent in the US, of 24 percent in Germany and of 33.4 percent in the Netherlands. The IALS literacy scales are particularly valuable for our purposes because they are not intended to measure merely IQ, abstract reasoning, or any other ability specifically valued at school, rather they are explicitly designed to capture literacy skills applicable in daily life. Table 2 also indicates, however, that general cognitive ability does not tell the whole human capital story. Indeed, if we add also the information on work-specific cognitive skills, the reduction of the education effect amounts respectively to 62.8 percent, 50.8 percent, 53.1 percent and 63.1 percent for the UK, US, Germany and the Netherlands. Hence, after adding indicators of these different dimensions of productivity-enhancing skills, the effect of schooling is at least halved (as in the US) and at most reduced by around two-thirds (as in the UK). Although it still remains significant, the education effect is now of moderate size. Thus, our support for the cognitive skills explanation of schooling is much stronger than anticipated by Bowles and Gintis, albeit using different measures of cognitive abilities. Yet, a substantial fraction of the education effect remains unexplained by our extensive list of cognitive qualities.
In Table 3 the results are displayed of similar models as in Tables 1 and 2 , but now with an extensive control for selection and allocation variables that could affect the usage of cognitive qualities. In other words, we try to incorporate the above-discussed theoretical arguments implying that economic rewards inhere not only to skills but also to structural positions in the labour market. These variables are organizational size, industry, occupational status, supervisory status and self-employment. 9 Similar to our models excluding these structural variables, general cognitive ability explains the education effect substantially (between 23 and 32 percent). The extension of the model by Gender (female) -13. 540 -12.712 -12.015 -9.800 -10.028 -10.393 -12.651 -12.451 -11.976 -14.670 -14.669 -13.958 (12. 14)** (11.44)** (10.90)** (8.78)** (9.13)** (9.22)** (7.29)** (7.20)** (6.79)** (11.01)** (11.07)** (10.76)** Age including work-specific cognitive skills further reduces the direct effect of schooling, leading to a cognitive component of schooling of between 34 and 53 percent. Also, similar to our analyses without structural variables, the reduction of the education effect after only controlling for general cognitive ability is smallest in Germany, and of similar size in the other three countries. This supports hypothesis 2, which expected a stronger reduction in the US and the UK. The Netherlands falls less evidently on the German side than expected, perhaps because of the school-based orientation of vocational education (relative to the much larger dual apprenticeship system in Germany). Such a school-based system may induce employers more strongly to reward schooling on the basis of general cognitive skills than a country where the dual system allows more detailed understanding on the part of employers of the different skills and other traits available in their applicants and apprentices.
To what extent does the relative balance of general and work-specific cognitive skills for the explanation of the education effect vary across countries? As our aim is to examine the extent to which adding variables reduces the direct effect of education, a comparison of fit statistics and of the impacts of various dimensions of skills does not provide the necessary information. To illustrate the relative importance of work-specific and general cognitive abilities in explaining away the education effect, we calculated a 'reduction ratio' that indicates the extent to which the work-specific cognitive skills model (models 3 and 6) reduces the strength of the education effect more than the general cognitive skills model (models 2 and 5).
Let us comment on these reduction ratios for the four countries for two sets of models separately (one without controls for allocative mechanisms as in Table 2 , and one with controls for allocative mechanisms as in Table 3 ). Unsurprisingly, all ratios are larger than 1, which indicates that the extended model (including general and work-specific cognitive abilities) reduces the education effect more strongly than a model that only includes general cognitive ability. More interesting are the comparisons across countries. In the models without allocative variables it appears that the work-specific cognitive skills model reduces the education effect by a factor of 2.2 relative to the general cognitive skills model, whereas it is only 1.5 in the US. Clearly, in Germany the additional insight obtained by adding work-specific cognitive skills is much stronger than in the US. Also for the Netherlands the reduction ratio indicates that the work-specific cognitive skills model reduces the education effect almost twice as much as the general cognitive skills model. In the UK, the reduction ratio is 1.7. These findings are in line with hypothesis 3, that states that the workspecific components of cognitive skills are relatively important in the explanation of the education effect in Germany and the Netherlands, compared to the US and the UK. Furthermore, the differences across countries in the reduction ratios are smaller in the models that control for allocative variables related to the labour market (sector, occupational level, employment status, supervisory status and firm size). Although the Netherlands still has a relatively high reduction ratio (1.7), and the US a relatively low one (1.2), the reduction ratio in Germany has decreased and has the same level as in the UK (1.5).
How can we explain this drop in the reduction ratio for Germany once we control for allocative variables? We assume that this results from the relatively strong regulation/ credentialization of access to occupations in Germany. Credentialization assumes that access to occupations is regulated through formal qualification demands, which in Germany strongly correlate to work-specific skills. This means that education more strongly affects the likelihood that people get the chance to use particular skills (rather than just have them). As the IALS measure of work-specific skills is based on whether people use particular skills in their occupation, this translates into a relatively low explanatory power of work-specific skills once we include variables into the model that are related to allocation. Further research needs to be done to substantiate this explanation.
Conclusions and discussion
In this article we examined to what extent education is rewarded on the labour market through the mechanism of the cognitive skills it indicates; whether there are crossnational differences in this process, and how we can explain these cross-national differences. Following neoclassical economic theory as well as its sociological allies in modernization and meritocratization theories, we would expect cognitive skills be the main mechanism through which educational qualifications are rewarded. Contesting this assumption, Gintis (2000, 2002; Bowles et al., 2001 ) argue that only a small fraction of the education effect on wages is cognitive. We used data from the International Adult Literacy Survey (IALS) for the US, the UK, Germany and the Netherlands to examine the size of the cognitive component of schooling. In order to give the cognitive explanation a fair chance, we extended the types of cognitive skills that are incorporated, and distinguished between general cognitive ability and three types of work-specific cognitive abilities (literacy, financial, technical). Our results indicated that a larger fraction of the education effect is cognitive than shown by previous research. When looking at general cognitive ability alone, our estimate is that the cognitive component varies between 24 and 36.6 percent, depending on the country that is analysed. If we include the structural variables in the models (Table 3) , this value varies between 23 and 32 percent. If we extend the conceptualization of cognitive skills, the cognitive component of schooling rises to between 50.8 and 63.1 percent, depending on the country of study. If we include the structural variables in the models, the percentage reduction is between 34 and 53 percent. This shows that, once properly measured, cognitive skills mediate to a considerable extent the relationship between education and earnings, in line with human capital theory. As already discussed, skills that are rewarded on the labour market are not necessarily cognitive in nature. This suggests that our results may still underestimate the importance of human capital.
Importantly, we showed that the relative importance of general vs work-specific cognitive abilities varies systematically between countries, with a larger fraction of the schooling effect being captured by the work-specific component in Germany and the Netherlands than in the US and the UK. This can be explained by the different role of schooling between countries. However, in many cases the UK and the Netherlands were less easily placed in the same corner as the US and Germany, respectively. Moreover, clearly the US and Germany are contrasting countries with regard to the role of schooling on the labour market. In the US the cognitive explanation for the impact of schooling on work outcomes is, with regard to work-relevant cognitive skills, rather weak. However, in Germany the general cognitive skills explanation fares poorly relative to the US.
German employers reward schooling clearly not primarily for the general cognitive skill level it indicates, but rather use other criteria.
Independent of how we operationalize cognitive skills, it must be noted that a substantial fraction of the education effect remains unexplained and could thus be noncognitive, calling for other explanations for the education effect, such as Bowles and Gintis's model of incentive-enhancing preferences. To the extent that these are related to schooling, they could potentially explain part of the remainder of the schooling effect. However, it could very well be that these traits are productive, something that Bowles and Gintis are unclear about. On the one hand, a productivity argument may be read in their statement that these traits are 'profitable to employers but are not the sort of "skills" that appear as arguments in a production function' (Bowles and Gintis, 2000: 118) . On the other hand, however, to the extent that incentive-enhancing preferences can be seen as 'rents' that distort market functioning, which is clearly the point taken in their study with Osborne (Bowles et al., 2001) , these traits may be seen as non-productive.
A limitation of our analysis is that the available information to control for selection processes was not optimal, particularly as far as characteristics at the firm level are concerned. This is a critical point if we consider that self-reported items regarding how often workers perform specific tasks on the job can be taken only as a proxy of work-specific cognitive abilities (not least because it is inappropriate to assume that workers do not have a skill if they do not report using it). Yet, it is worth mentioning that, in spite of these limitations, our structural variables referring to occupational position and location in the labour market exert a strong influence on earnings, even after controlling extensively for cognitive skills -a finding that may shed light on the limitations of human capital theory.
More generally, our results illustrate the complementarity between human capital and alternative perspectives. On one hand, it is true that: (1) controlling for formal schooling, work-specific skills influence earnings; and (2) work-specific skills mediate a relevant portion of the influence of general cognitive skills on earnings; findings that support human capital theory. On the other hand, it is still the case that: (3) controlling for workspecific skills, formal schooling has an effect on earnings; and (4) the influence of general skills on earnings is never fully explained out by work-specific skills, indicating support for theories of credentialism and screening.
At the same time, it should be recognized that, although we improved considerably upon the standard measures of cognitive ability, there are many productive skills that could be thought of that lead to higher levels of productivity, which are not included in our models. For instance, our data did not contain information on skills acquired through on-the-job training or task-specific manual skills that may be weakly related to cognitive skills. We would hold these work-relevant skills as important individual skills in the true 'human capital' sense of the word. Future research should make an effort in improving the measurement of work-relevant skills, which have been indirectly proxied in our analyses by the frequency of their mobilization in a number of specific job tasks. Furthermore, it would be highly useful to disentangle the role of specific non-cognitive skills as determinants of earnings. We regard these two research developments as complementary. We would maintain, however, that the previous observations do not dismiss our crucial claims, namely that cognitive resources can be highly rewarding in the labour market, that they explain a relevant portion of the effect of education on earnings and that their role is likely to vary across countries.
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Notes
1. The data for Britain were collected in 1996. 2. It depends whether we consider the average or the median of their meta-analysis. 3. Bowles et al. (2001 Bowles et al. ( : 1151 claim that results based on this simple measure (a short vocabulary test) are not substantially affected by measurement problems. They also re-run their models excluding cases based on this measure. Interestingly, to support their claim, they cite a study by Taber (1997) using a more detailed measure of general cognitive ability available for three time-points, and derive the following estimates of the cognitive component of schooling: 35 percent, 29 percent and 18 percent for 1982-4, 1985-7 and 1988-90 respectively. The first two estimates point to a substantially higher relevance of the cognitive component than suggested by Bowles et al. (2001) . They are indeed rather close to the ones that will be presented in this article. Bowles et al. (2001 Bowles et al. ( : 1156 briefly comment also on a control analysis suggesting that using more comprehensive measures of general cognitive ability yields estimates about 10 percent larger than the narrower measures, another finding that is in accordance with ours. 4. It should be clear from the previous arguments why we selected these four countries to assess the role of educational systems: the US and Germany may be described as the 'extreme cases', but we include also the 'mixed cases' of the Netherlands and the UK moving to the one side or the other. 5. We have also run a factor analysis for these variables to test for multidimensionality. There was one underlying factor, which suggests that a one-dimensional representation of (general) cognitive skills is accurate (Devroye and Freeman, 2001; Green, 2001 ). 6. Although such items may be reflecting more strongly whether people use particular skills than whether they possess those skills, it is not uncommon to make inferences on the skill level of individuals based on the content of occupations. For instance, the American Dictionary of Occupational Titles has been used to operationalize different sorts of skills that explain gender inequalities in the labour market from a human capital perspective (Kilbourne et al., 1994a (Kilbourne et al., , 1994b . 7. The results of this factor analysis can be obtained from the authors upon request. 8. For some IALS countries, the standard variable of hourly wages used in Mincer equations is available: control analyses indicate that results concerning both the importance of schooling and the role of cognitive skills are basically unaffected by the way income is measured (Harmon et al., 2003) . 9. For some countries it is possible to carry out additional analyses with a more extensive list of controls (e.g. temporary contract, part-time contract), but this extended specification does not affect our conclusions.
